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The Role of Seed Banks in the Vegetation Dynamics of Prairie Glacial
Marshes
Abstract
The presence of viable seed in 24 substrate samples from Eagle Lake, a marsh in north—central Iowa, was
tested by placing subsamples of each sample under 2 environmental conditions. One set of subsamples was
placed underwater (submersed treatment). Seeds of 20 species germinated and grew in this treatment. On the
average, there were 8.3 species/sample. The 2nd set of subsamples was kept moist, simulating conditions on
an exposed mud flat (drawdown treatment). In the drawdown treatment, on the average, seeds of 12.9 species
germinated/sample. Altogether seeds of 40 species germinated in this treatment of which only 24% were also
found in the submersed treatment. By combining the results from the 2 treatments, the seed banks in the 6
vegetation types studied were estimated to range from 21,445 to 42,615 seeds/m2 on the average in the upper
5 cm of soil. Field studies at Eagle Lake (1974) and Goose Lake (1976), when these marshes had no standing
water, revealed that the most abundant species whose seeds germinated on exposed mud flats were the same
as the most abundant species in the experimental drawdown samples from Eagle Lake. In 1975, when Eagle
Lake had standing water again, the submersed and floating species that were found were the same as those
found in the experimental submersed samples from Eagle Lake. The seed—bank results and vegetation
sampling reveal that there are 3 types of species present in prairie marsh seed banks: emergent species (Typha,
Scirpus, Sparganium, Sagittaria) germinate on exposed mud flats or in very shallow water; submersed and
free—floating species (Lemna, Spirodela, Ceratophyllum, Naias, Potamogeton) whose dormant seeds or
turions can survive on exposed mud flats for a year and which germinate when there is standing water; and
mud—flat species (Bidens, Cyperus, Polygonum and Rumex) which are ephemerals whose seeds can only
germinate on exposed mud flats during periods when no standing water exists in the marsh because of
drought or water level manipulation. When the marsh refloods, these species are eliminated from the visible
marsh flora. Primarily because of the fluctuating water levels and muskrat damage, prairie marshes have
cyclical changes in their vegetation during which mud—flat, emergent, or submersed and free—floating
species replace each other as the dominant type of species in a marsh.
Keywords
drawdown, emergent plants, Iowa, marsh, prairie pothole, seed bank, submerged plants, succession, vegetation
dynamics
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 THE ROLE OF SEED BANKS IN THE VEGETATION
 DYNAMICS OF PRAIRIE GLACIAL MARSHES1'2
 A. G. VAN DER VALK
 AND
 C. B. DAVIS
 Department of Botany and Plant Pathology, Iowa State University, Ames, Iowa 50011
 Abstract. The presence of viable seed in 24 substrate samples from Eagle Lake, a marsh in north-
 central Iowa, was tested by placing subsamples of each sample under 2 environmental conditions.
 One set of subsamples was placed underwater (submersed treatment). Seeds of 20 species germinated
 and grew in this treatment. On the average, there were 8.3 species/sample. The 2nd set of subsamples
 was kept moist, simulating conditions on an exposed mud flat (drawdown treatment). In the drawdown
 treatment, on the average, seeds of 12.9 species germinated/sample. Altogether seeds of 40 species
 germinated in this treatment of which only 24% were also found in the submersed treatment. By
 combining the results from the 2 treatments, the seed banks in the 6 vegetation types studied were
 estimated to range from 21,445 to 42,615 seeds/m2 on the average in the upper 5 cm of soil.
 Field studies at Eagle Lake (1974) and Goose Lake (1976), when these marshes had no standing
 water, revealed that the most abundant species whose seeds germinated on exposed mud flats were
 the same as the most abundant species in the experimental drawdown samples from Eagle Lake. In
 1975, when Eagle Lake had standing water again, the submersed and floating species that were found
 were the same as those found in the experimental submersed samples from Eagle Lake.
 The seed-bank results and vegetation sampling reveal that there are 3 types of species present in
 prairie marsh seed banks: emergent species (Typha, Scirpus, Sparganium, Sagittaria) germinate on
 exposed mud flats or in very shallow water; submersed and free-floating species (Lemna, Spirodela,
 Ceratophyllum, Naias, Potamogeton) whose dormant seeds or turions can survive on exposed mud
 flats for a year and which germinate when there is standing water; and mud-flat species (Bidens,
 Cyperus, Polygonum and Rumex) which are ephemerals whose seeds can only germinate on exposed
 mud flats during periods when no standing water exists in the marsh because of drought or water
 level manipulation. When the marsh refloods, these species are eliminated from the visible marsh
 flora. Primarily because of fluctuating water levels and muskrat damage, prairie marshes have cyclical
 changes in their vegetation during which mud-flat, emergent, or submersed and free-floating species
 replace each other as the dominant type of species in a marsh.
 Key words: drawdown, emergent plants, Iowa, marsh, prairie pothole, seed bank, submerged
 plants, succession, vegetation dynamics.
 INTRODUCTION
 The emergent vegetation of prairie glacial marshes
 is periodically eliminated by high water levels and (or)
 muskrat damage (Weller and Spatcher 1965, Weller
 and Fredrickson 1973) and is reestablished in these
 marshes only when periodic drought (natural draw-
 down) or human manipulation (artificial drawdown)
 lowers the water level and temporarily exposes the
 marsh bottom (see Kadlec 1962, Harris and Marshall
 1963). Johnson (1975), after reviewing the available
 literature on seed banks (i.e., the amount of viable
 seed present in the soil) in forest ecosystems, sug-
 gested that it is the presence of a large seed bank that
 allows the rapid recovery of many forest ecosystems
 after a catastrophic disturbance (e.g., a fire). When a
 forest has no seed bank, recovery after a catastrophe
 is very slow. An exploratory study of the seed banks
 of prairie glacial marshes in north-central Iowa (van
 der Valk and Davis 1976) indicated that these wetlands
 have sizable seed banks containing more than 25 spe-
 cies. This suggests that the rapid recovery of the
 emergent vegetation in prairie marshes after a draw-
 down is made possible by the presence of these large
 seed banks.
 To better understand the role of the seed bank in
 prairie glacial marshes, we examined the seed banks
 and vegetation of 2 marshes in north-central Iowa. Our
 study had 3 main objectives. The 1st was to assess the
 size and species composition of the seed banks within
 and among different existing vegetation types in a prai-
 rie marsh. Our 2nd objective was to examine the fate
 of seedlings produced by seeds that had germinated
 during a drawdown, when water levels returned to
 normal, pre-drawdown levels. Our 3rd objective was
 to elucidate the role and significance of seed banks in
 the vegetation cycle of prairie marshes described by
 Weller and Spatcher (1965).
 STUDY SITES
 Eagle Lake (Fig. 1) is a state-owned and state-man-
 aged prairie glacial marsh in Hancock County, Iowa. It
 1 Received 19 April 1977; accepted 2 September 1977.
 2 Journal Paper No. J-8816 of the Iowa Agriculture and
 Home Economics Experiment Station, Ames, Iowa. Project
 2071.
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 is located in sections 13 and 24 of Britt and 18, 19, and
 30 of Garfield townships. Its surface area is =365 ha.
 Eagle Lake is a shallow marsh with water depths rare-
 ly exceeding 1 m, except in 1 area in the northeastern
 corner of the lake where a peat fire burned a hole into
 the marsh bottom. The southern half of the lake is
 generally shallower than the northern half. Water level
 is controlled by a dam at the northern end of the
 marsh.
 The chief sources of water for Eagle Lake are drain-
 age ditches entering from the south and east and drain-
 age tiles emptying directly into the lake along its east-
 ern shore. A wooded ridge along the west shore
 prevents any flow into the marsh from that direction.
 The small stream leaving the marsh at its northern end
 flows into the Iowa River. The total Eagle Lake drain-
 age basin covers =2,780 ha (Dalziel 1976).
 Because of a decline in emergent vegetation in the
 northern 2/3 of the marsh in the early seventies, the
 water level of the marsh was lowered in February 1974
 to expose the marsh bottom and allow revegetation of
 this section of the marsh. Also, wild rice (Zizania
 aquatica) was aerially seeded over the northern 2/3 of
 the marsh in April 1974. The portion of the lake free
 from emergent vegetation in the 1974 spring will, here-
 after, be referred to as the northern area, i.e., where
 mud flats were exposed during the drawdown (see Fig.
 1). The shallower, southern section of the marsh as
 well as a fringe around the northern section never lost
 its emergent vegetation. The dominant species in the
 southern end of the marsh were Typha glauca, Scirpus
 fluviatilis, Sparganium eurycarpum, Phragmites com-
 munis, Carex spp., and Phalaris arundinacea. The
 southern 1/3 of the lake, plus the narrow fringe of
 Typha glauca, Carex spp., and Scirpus fluviatilis
 around the edge of the northern area, will be referred
 to as the southern area; i.e., the area covered with
 emergent vegetation during the drawdown in 1974 (see
 Fig. 1). The water level in Eagle Lake was raised to
 approximately pre-drawdown levels in the spring of
 1975. There are 2 previous studies of the vegetation
 of Eagle Lake by Clambey (1975) who surveyed the
 northern half of the marsh in the summer of 1974 dur-
 ing the drawdown and by Currier et al. (1976) who
 surveyed the entire lake in 1975.
 Goose Lake (Fig. 1) is a privately owned marsh lo-
 cated in section 27 of Lyon Township in Hamilton
 County, Iowa. It is also a shallow, prairie glacial
 marsh, but is much smaller than Eagle Lake, with a
 total surface area of only 55 ha. A dam at its southern
 end is used to raise or lower water levels. Unlike Eagle
 Lake, Goose Lake has no appreciable watershed, and
 only 2 small intermittent creeks flow into the northern
 end of this marsh.
 Goose Lake had a drawdown in the summer of 1976.
 This drawdown was partly a result of an intentional
 lowering of the water level to expose some area of
 mud flats for revegetation by emergents. The draw-
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 FIG. 1. Eagle Lake, Hancock County, and Goose Lake,
 Hamilton County, Iowa. The northern area of Eagle Lake
 was free from emergent plants in 1973, while the southern area
 was covered with emergents. In 1976, Goose Lake had a
 fringe of Typha glauca, while most of the central portion of
 the lake consisted of mud flats exposed because of low water
 levels.
 down, however, became much more extensive be-
 cause of the drought in central Iowa during the sum-
 mer of 1976. About 60% of the marsh bottom was free
 of standing water by September 1976.
 The vegetation of Goose Lake was 1st studied by
 Pammel (1898) and later by Weller and Spatcher
 (1965). Its seed banks were surveyed by van der Valk
 and Davis (1976).
 North-central Iowa has a continental climate with
 average temperatures in January of -7? to -9?C and
 in July of 230 to 24?C. Annual precipitation ranges from
 760 to 790 mm/yr (Shaw and Waite 1964). Approxi-
 mately ?2 of this falls during the spring.
 METHODS
 Seed-bank samples were collected at Eagle Lake on
 4 May and 7 May 1976. Each sample consisted of 3
 Ekman dredge grabs of the bottom to a depth of 4 to
 5 cm. The total area sampled by the 3 dredge grabs
 was ~i675 cm2. Four samples (replicates) were col-
 lected randomly in each of 6 vegetation types: Typha
 glauca, Sparganium eurycarpum, Scirpus fluviatilis,
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 Scirpus validus, Carex spp., and open-water areas
 (i.e., free of emergent vegetation). Samples were
 stored wet in plastic bags at 4?C for up to 5 days after
 collection.
 In the laboratory, each field sample was thoroughly
 mixed: all rhizomes, tubers, and pieces of undecom-
 posed litter were removed by hand while the samples
 were being mixed. Each sample was then subsampled
 and tested for its viable seed content under 2 sets of
 environmental conditions: drawdown and submersed.
 Each drawdown subsample had a volume of 513 cm3
 and was spread over the surface of a plastic flat (27.5
 x 19.5 x 5.5 cm) containing 3 cm of steam-sterilized
 potting soil. This resulted in a layer of marsh soil about
 1 cm thick on top of the potting soil. For each of the
 24 samples, 3 duplicate flats were prepared for a total
 of 72. These flats were placed on a greenhouse bench
 in a completely randomized block design. Each draw-
 down flat was watered twice daily with tap water to
 keep the surface of the soil samples moist. Subsamples
 for the submersed treatment each had a volume of 180
 cm3. These were spread over the surface of plastic
 flats (9.7 x 19.5 x 5.5 cm) containing 2 cm of steam-
 sterilized potting soil so that the marsh soil again
 would be -1 cm thick in the flats. There were again
 3 duplicates for each of the 24 samples. These sub-
 mersed flats were arranged in a completely random-
 ized block design in a large wooden box (1.2 x 2.4 m)
 lined with plastic. This box was carefully filled with
 tap water until the water level reached just below the
 top of the flats; i.e., the water level was -2 cm above
 the soil.
 In June 1976, the seedlings in both the drawdown
 and submersed flats were counted. In the drawdown
 flats, there were 200 to 300 seedlings of certain species
 (Scirpus validus, Polygonum lapathifolium), and most
 of the individuals of these species were carefully re-
 moved so that less common species could be counted.
 After the plants in the submersed flats had been count-
 ed, the water level in the box was raised 10 cm. Both
 sets of flats were again examined in September 1976,
 when voucher specimens were collected of all species.
 By September nearly all the species had flowered or
 were large enough to be identified vegetatively. There
 were, however, several seedlings that failed to flower
 and could not be identified. All species identifications
 were checked in the Iowa State University Herbarium.
 Nomenclature follows Gleason and Cronquist (1963).
 The data from the 3 duplicate flats were averaged to
 estimate the number of seeds of each species that ger-
 minated in each substrate sample under either sub-
 mersed or drawdown treatment conditions.
 In September 1976, 12 sites were sampled at Goose
 Lake to see which species had germinated as a result
 of the drawdown. Ten sites were chosen at approxi-
 mately equal intervals around the periphery of the
 lake. At each site, 5 quadrats (50 x 50 cm) were laid
 out at random in the nearest area of exposed mud flats,
 and 5 more quadrats were laid out randomly in the
 adjacent area dominated by Typha glauca, which is
 found in a nearly continuous band around the edge of
 the lake. In each quadrat, the cover of all species that
 had germinated as a result of the drawdown was es-
 timated by using a cover-abundance scale (van der
 Valk and Bliss 1971). An 1 1th site was located on the
 west side of an island at the southern end of Goose
 Lake, and a 12th site was located halfway between the
 eastern shore and the island. At this last site, there is
 no Typha glauca, and 10 mud-flat quadrats were sam-
 pled.
 In November 1974, the vegetation of Eagle Lake
 was sampled by using 3 100- x 1-m belt transects.
 These transects were divided into 10-m segments, and
 the cover of each species in a segment was estimated
 with a cover-abundance scale (van der Valk and Bliss
 1971). One transect was run in the northern part of the
 marsh from the west shore to the middle of the marsh.
 The other 2 transects were in the southern end of the
 marsh. One was run from the west shore to the middle
 and the other from the east.
 In July 1975, Eagle Lake was sampled again. The
 marsh was divided into 10 equal zones running east-
 west. In each zone, a transect line across the marsh
 was chosen randomly. These transects were divided
 into 30-m sections, and in each section, 2 1- x 1-m
 quadrats were chosen at random. The cover of each
 species in a quadrat was again estimated by using the
 cover-abundance scale. In both 1974 and 1975, quad-
 rats sampled in the northern area of the marsh (free
 from emergent vegetation before drawdown) were
 separated in the analysis of the data from those col-
 lected in the southern area of the marsh. For each area
 in both years, the relative frequency and relative cover
 of each species were calculated as estimates of their
 abundance.
 RESULTS
 Eagle Lake Seed-Bank Samples
 Table 1 summarizes the results of the submersed
 seed-bank treatment in which the average number of
 individuals of each species in the 4 replicates in each
 vegetation type is expressed on a per square metre
 basis. In this treatment, all duplicates of a sample were
 nearly identical in species composition and in the num-
 ber of individuals of each species present. Altogether,
 seeds of 20 species (including 1 unknown) germinated
 and grew as seedlings under the submersed-treatment
 conditions (Table 1). The average number of individ-
 uals per square metre in a vegetation type ranged from
 2,135 in Carex sites to 5,825 in Typha sites and aver-
 aged 3,567 over the 24 samples. There is no statisti-
 cally significant difference in the average number of
 individuals per vegetation type among the 6 vegetation
 types ( (F5,18 = 1.20; F[.05] = 4.58). On the average,
 there were 8.3 species per sample, and the number of
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 TABLE 1. Average number of individuals whose seeds, spores or turions germinated and seedlings grew in the substrate samples collected from 6
 vegetation types at Eagle Lake under submersed treatment conditions. Each number is an average of 4 replicates within a vegetation type. The data
 are expressed on a per square metre basis. Only species with a frequency of >5% are includeda
 Northern area Southern area
 Scirpus Scirpus Rela-
 validus Sparganium fluviatilis tiveb tbl
 Open sites sitesb sitesb Typha sites sites Carex sites abun- Fre-
 dance querc
 Species X SD X SD X SD X SD X SD X SD (%) (%q >
 Bidens cernua 690 1,354 764 337 5 10 144 230 4 11 19 26 7.62 58 :
 Ceratophyllum demersum 0 0 107 61 0 0 0 0 0 0 5 10 0.52 21
 Chara globularis 329 420 176 82 829 468 269 325 23 28 412 180 9.52 83 z
 Leersia orvzoides 23 28 23 35 0 0 111 198 0 0 143 263 1.41 33 1
 Lemna minor 1,019 2,012 352 115 125 140 1,514 2,769 46 93 121 105 14.84 75 <
 Lemna trisulca 0 0 0 0 28 32 5 10 0 0 5 10 0.18 15 m
 Naias flexilis 176 174 227 369 0 0 14 18 79 105 0 0 2.32 42 C
 Polygonum lapathifolium 148 191 65 49 0 0 111 117 176 94 199 192 3.27 75 H
 Potamogeton pectinatus 23 35 0 0 0 0 0 0 0 0 0 0 0.11 8
 Riccia fluitans 0 0 0 0 33 32 0 0 5 10 5 10 0.20 21
 Sagittaria latifolia 56 40 125 112 287 94 102 44 48 57 144 109 3.57 83 Z
 Scirpus validus 565 627 1,380 546 1,746 928 1,760 1,074 2,083 1,656 856 515 39.20 100 I
 Sium suave 5 10 0 0 56 50 19 37 0 0 5 10 0.39 29 <
 Spirodela polyrhiza 0 0 47 49 42 32 1,162 1,451 842 1,045 19 26 9.86 58 Z
 Typha glauca 116 46 84 49 324 146 616 504 139 32 186 22 6.84 100
 Utricularia vulgaris 0 0 5 10 5 10 0 0 0 0 0 0 0.04 8
 TOTALa 3,150 2,738 3,352 321 3,487 1,115 5,825 3,886 3,454 2,242 2,136 684
 a Species found in submersed treatment samples with a frequency of <5% are Eleocharis sp., Iris versicolor, Mentha arvensis and one unknown
 species. Individuals of these species are included in the totals.
 b Relative contribution of each species to the total number of individuals found growing in the 24 substrate samples.
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 species per sample ranged from 5 to 11. Among the
 species that grew in this treatment are submersed
 (Ceratophyllum demersum, Chara globularis, Naias
 flexilis, Potamogeton pectinatus, and Utricularia vul-
 garis) and free-floating aquatics (Lemna minor, Lemna
 trisulca, Riccia fluitans, and Spirodela polyrhiza);
 emergents (Sagittaria latifolia, Scirpus validus, Typha
 glauca); and mud-flat species (sensu Salisbury 1970)
 (Bidens cernua, Eleocharis sp., Polygonum lapathi-
 folium, and Mentha arvensis).
 The seeds of mud-flat species that germinated in the
 submersed treatment were mostly those that were car-
 ried to the surface by algal mats. These algal mats
 formed on the surface of the soil. Eventually they rose
 to the surface of the water and carried the upper layer
 of soil with them. This same phenomenon was ob-
 served in the field in 1975 at Eagle Lake when seed-
 lings of Bidens cernua and Polygonum lapathifolium
 were often seen on floating algal mats.
 The most abundant species in the submersed treat-
 ment were Scirpus validus (33,358 individuals; 39.2%
 of the total number of individuals in the treatment),
 Lemna minor (12,705; 14.8%), Spirodela polyrhiza
 (8,446; 9.9Wo), Chara globularis (8,149; 9.5%), Bidens
 cernua (6,523; 7.6%), Typha glauca (5,855; 6.8%),
 Sagittaria latifolia (3,057; 3.6%), and Polygonum la-
 pathifolium (2,797; 3.3%). These 8 species accounted
 for 94% of all the individuals in the submersed samples
 (Table 1). When the water level was raised in the sub-
 mersed treatment in June, most of the seedlings of
 Polygonum lapathifolium and Bidens cernua died, and
 the remainder ceased growing; individuals of Scirpus
 validus ceased growing, but only a few died. On the
 other hand, Sagittaria latifolia seedlings were unaf-
 fected by the new water level and continued to grow
 normally. All the submersed and floating species also
 were unaffected.
 Among replicate samples within a vegetation type,
 there was a great deal of variation in the number of
 individuals of a given species found in different sam-
 ples. This is reflected in the fact that the standard de-
 viations are larger than the means in many cases in
 Table 1. There is, then, a great deal of spatial heter-
 ogeneity in the seed bank within a vegetation type.
 One-way analyses of variance comparing the average
 number of individuals of a species among samples
 from the 6 vegetation types show that only the distri-
 bution of Ceratophyllum demersum was statistically
 significant (F5,18 = 11.68; F[O.05] = 4.58). Cerato-
 phyllum was found almost exclusively in Sc. validus
 site samples (Table 1). The lack of statistical signifi-
 cance in the average number of individuals of all but
 1 species in the submersed treatment is primarily a
 result of the great variability among replicates within
 vegetation types (Table 1).
 Although not statistically significant, several other
 distributional patterns can be seen in the submersed
 treatment samples (Table 1). Samples collected in the
 northern area of the marsh (Open and Sc. validus
 sites), in general, had more submersed aquatic species
 and they were present in larger numbers than in sam-
 ples from the southern area. Bidens cernua was also
 more common in the northern area samples (Table 1),
 especially in the Sc. validus samples. In the southern
 area, Polygonum lapathifolium was absent from Spar-
 ganium samples, but Sium suave was present in large
 quantities. Spirodela polyrhiza was most abundant in
 samples from the southern area. In general, the re-
 maining species either seemed to be ubiquitous (Chara
 globularis, Lemna minor, Sagittaria latifolia, Scirpus
 validus, Typha glauca) or had a very sporadic distri-
 bution (Leersia oryzoides).
 The results of the drawdown treatment are given in
 Table 2. The data are again given on a per square
 metre basis. In general, duplicate samples of a seed-
 bank sample were nearly identical. Altogether, 40 spe-
 cies (including 3 not identifiable) were found in the
 emergent samples. There were 12.9 species per sample
 on the average and the number of species per sample
 ranged from 9 to 15. The average number of individ-
 uals per square metre per sample in a vegetation type
 ranged from 2,175 in Sparganium site samples to 7,246
 in Sc. validus site samples and averaged 3,986 overall.
 The average number of individuals in a vegetation type
 is not statistically significantly different among vege-
 tation types in the drawdown treatment. As in the sub-
 mersed treatment, there are large differences in the
 total number of individuals from replicates within veg-
 etation types. Emergent species (Sagittaria latifolia,
 Scirpus fluviatilis, Scirpus validus, Sparganium eury-
 carpum, and Typha glauca) and mud-flat species (Bi-
 dens cernua, Cyperus spp., Eleocharis spp., Leersia
 oryzoides, Polygonum spp., Rorippa sp., Rumex spp.,
 etc.) were the dominant species in the emergent treat-
 ment samples (Table 2).
 More seeds germinated in the drawdown treatment
 (95,671) than in the submersed (85,618). In the draw-
 down samples, the most abundant species were Scir-
 pus validus (42,196; 44.1%), Bidens cernua (14,586;
 15.3%), Polygonum lapathifolium (9,551; 10.0%l), Ty-
 pha glauca (7,331; 7.7%), Rorippa islandica (5,629;
 5.9o), Rumex maritimus (4,862; 5.1%), and Sium
 suave (2,329; 2.4%). About 90% of all the individuals
 in the drawdown samples belong to these 7 species
 (Table 2).
 Again as in the submersed treatment samples, the
 within-vegetation-type variation in the number of in-
 dividuals per replicate of most species was very high
 (compare the means and standard deviations in Table
 2). As a result, only 4 species had statistically signif-
 icant average numbers of individuals per vegetation
 type among the 6 vegetation types. Mentha arvensis
 was found in significantly higher numbers in Sc. flu-
 viatilis and Carex site samples (F5,18 = 5.69; F [0.05l
 = 4.58); and so was Rorippa islandica (F5,18 = 4.93,.
 Carex site samples also had significantly higher num-
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 TABLE 2. Average number of individuals whose seeds germinated and seedlings grew in the substrate samples collected from 6 vegetation types at :
 Eagle Lake under drawdown treatment conditions. Each number is an average of 4 replicates within a vegetation type. The date are expressed on ?
 a per square metre basis. Only species with a frequency of >5% are includeda
 Northern area Southern area
 Scirpus Scirpus Rela-
 validus Sparganium fluviatilis tiveb Fre-
 Open sites sites sites Typha sites sites Carex sites abun- quen-
 dance cy ,
 Species X SD X SD X SD X SD X SD X SD (%) (%) 9
 Alisma plantago-aquatica 0 0 0 0 21 34 2 3 5 10 0 0 0.11 21 O
 Amaranthus tamariscinus 0 0 2 3 3 7 2 3 13 12 5 6 0.10 33
 Bidens cernua 1,231 2,351 2,018 1,479 0 0 374 679 5 10 19 26 15.25 58 Z
 Carex sp. 0 0 0 0 11 8 2 3 19 35 8 16 0.17 29 z
 Chenopodium rubrum 3 7 0 0 8 16 0 0 0 0 0 0 0.05 8
 Cuscuta sp. LC ... L ... L ... M ... M ... L ... ... 7 Z
 Cyperus erythrorhizos 37 49 37 41 0 0 0 0 0 0 0 0 0.31 25 O
 Cyperus odoratus 21 18 110 65 3 7 26 37 3 3 84 126 1.03 67 <
 Eleocharis sp. 10 15 2 3 10 11 3 3 2 3 19 23 0.19 46 O
 Leersia oryzoides 31 32 33 48 2 3 81 107 5 10 83 153 1.02 54 m
 Mentha arvensis 2 3 6 5 2 3 0 0 93 88 289 220 1.63 50 H
 Panicum capillare 0 0 0 0 0 0 2 3 0 0 159 319 0.67 8 H
 Polygonum lapathifolium 379 538 241 80 14 21 770 1,060 682 563 304 351 9.98 92 O
 Polygonum punctatum 0 0 0 0 0 0 2 3 145 211 149 182 1.23 21 Z
 Rorippa islandica 50 63 245 81 8 8 154 72 538 391 413 203 5.88 96 z
 Rumex maritimus 151 183 198 117 24 27 209 108 76 69 565 328 5.23 100 <
 Sagittaria latifolia 26 44 29 34 10 11 14 21 16 21 11 13 0.46 67 Z
 Scirpus validus 1,444 1,394 4,178 2,321 1,049 923 3,059 1,705 424 353 401 366 44.11 100
 Sium suave 7 13 0 0 308 187 23 26 45 26 200 344 2.43 67
 Sparganium eurycarpum 0 0 2 3 6 9 3 7 0 0 2 3 0.05 21 c
 Stachys palustris 0 0 0 0 3 13 2 3 10 12 281 312 1.23 38
 Typha glauca 148 128 109 37 687 351 713 631 76 61 101 180 7.66 96
 Urtica dioica 0 0 0 0 0 0 0 0 3 3 0 0 0.01 8
 TOTALa 3,549 3,599 7,246 2,294 2,175 1,203 5,447 1,645 2,247 1,116 3,254 843
 a Species found in drawdown-treatment samples with a frequency of <5% are Cicuta sp., Eleocharis acicularis, Eragrostis hypnoides, Glyceria sp.,
 Impatiens, Iris versicolor, Penthorum sedoides, Polygonum spp., Populus deltoides, Potamogeton pectinatus, Scirpus fluviatilis, Scutellaria sp., and
 3 unknown species. Most of these species were found in samples collected in the southern area. Individuals of these species are included in the totals.
 b Relative contribution of each species to the total number of individuals found growing in the 24 substrate samples.
 c Severity of Cuscuta infestation: L-light; M-moderate; H-heavy.
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 TABLE 3. Relative cover and frequency of species which germinated and grew as a result of the 1976 drawdown at Goose
 Lake. Based on data collected at 12 sites. Only species with a frequency of 5% or more in either the Open or Typha zone
 are includeda
 Openb Typhab
 Species Frequency (%) Relative cover (%) Frequency (%) Relative cover (%)
 Bidens cernua 71 20.02 100 31.43
 Cuscuta sp. 5 0.02 24 0.77
 Cyperus spp.c 88 33.14 55 7.17
 Eleocharis sp. 20 0.66 7 0.04
 Eragrostis hypnoides 3 0.03 7 2.02
 Leersia oryzoides 43 2.65 91 25.75
 Polygonum lapathifolium 60 7.25 69 9.30
 Polygonum punctatum 0 0 5 1.22
 Populus deltoides 3 0.01 5 0.02
 Rorippa islandica 6 0.02 5 0.05
 Rumex maritimus 43 4.28 35 5.25
 Ru ex sp. 77 14.96 38 11.29
 Sagittaria latifolia 85 11.38 56 3.95
 Scirpus fluviatilis 12 0.27 7 0.03
 Scirpus validus 88 4.70 4 P
 Sium suave 2 pd 9 0.06
 Typha glauca 35 0.42 0 0
 Urtica dioica 0 0 7 0.48
 a Species found with a frequency of <5% are Amaranthus tamariscinus, Cirsium sp., Echinochloa crusgalli, Impatiens
 sp., Mentha arvensis, Mimulus ringens, Panicum capillare, Salix sp., Solanum dulcamara, Stachys palustris, Scutellaria
 lateriflora and one unknown species.
 b Open-mud-flats free of emergent vegetation; Typha-within an established Typha glauca zone.
 c Cyperus erythrorhizos and Cyperus odoratus primarily.
 d P-relative cover of <.01%.
 bers of Rumex maritimus seedlings (F5,18 = 5.35).
 Scirpus validus was most abundant in Sc. validus and
 Typha site samples (F5,18 = 4.98).
 Other distributional patterns of species in the draw-
 down sample can be seen in Table 2. These, however,
 are not statistically significant. Bidens cernua and Cy-
 perus erythrorhizos were the only species found ex-
 clusively or predominantly in drawdown-treatment
 samples from the northern area. Carex sp., Polygon-
 um punctatum, Sium suave, and Stachys palustris
 were found only in samples from the southern area.
 As in the submersed samples (Table 1), most species
 either were ubiquitous (Cyperus odoratus, Leersia
 oryzoides, Polygonum lapathifolium, Sagittaria lati-
 folia, and Typha glauca) or appeared only sporadically
 in the samples (Amaranthus tamariscinus, Eleocharis
 sp., Sparganium eurycarpum).
 One striking feature of the submersed and draw-
 down seed-bank results (Tables 1, 2) was the absence
 or low number of individuals of Sparganium eurycar-
 pum in Sparganium site samples, Carex spp. in Carex
 site samples, and Scirpus fluviatilis in Sc. fluviatilis
 site samples. Conversely, in Typha site and Sc. validus
 site samples, individuals of Typha glauca and Scirpus
 validus were the dominant or were among the domi-
 nant species. Of the 45 identifiable species found in
 the submersed and drawdown treatments, only 11 spe-
 cies were found in both treatments: Bidens cernua,
 Eleocharis sp., Iris versicolor, Leersia oryzoides,
 Mentha arvensis, Polygonum lapathifolium, Potamo-
 geton pectinatus, Sagittaria latifolia, Scirpus validus,
 Sium suave, and Typha glauca. In most instances
 when a species occurred in both the submersed and
 drawdown treatments, more individuals of the species
 were found in the drawdown treatment (Tables 1, 2).
 The exceptions were Iris versicolor, Leersia ory-
 zoides, Potamogeton pectinatus, and Sagittaria lati-
 folia. In the case of Sagittaria latifolia, 3,057 were
 found in the submersed treatment samples and only
 443 in the drawdown-treatment samples.
 Goose Lake Seed-Bank Survey
 Table 3 summarizes the data collected at Goose
 Lake on species whose seeds germinated and seed-
 lings grew on the exposed mud flats free of emergent
 vegetation and in areas dominated by Typha glauca.
 On mud flats, 21 species were found. In the Open zone,
 the dominant species on the basis of relative cover
 were Cyperus spp. (33%), Bidens cernua (20%), Ru-
 mex sp. (15%), Sagittaria latifolia (M1%), Polygonum
 lapathifolium (7%), Scirpus validus (5%), Rumex mar-
 itimus (4%), and Leersia oryzoides (3%). Although
 Scirpus validus had a relative cover of only 5%, it was
 more abundant than this rather low value would sug-
 gest. It had a relative frequency on the mud flats of
 88%, which was also the frequency of Cyperus (Table
 3), the species with the highest relative cover. Of the
 21 species found on the mud flats at Goose Lake, 20
 were found in the drawdown seed-bank samples from
 Eagle Lake (Table 2); and in general, the same species
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 TABLE 4. The vegetation of the northern and southern areas of Eagle Lake in 1974 during the drawdown. Only species with
 a frequency of more than 10%S in either the northern or southern area are included.a Data from Clambey (1975) on the
 vegetation of primarily the northern area of Eagle Lake in 1974 are also included
 Northern areab Southern areab
 Clambey (1975)
 Frequency Relative cover Frequency Relative cover Relative cover
 Species (%) (%) (%) (%) (%)
 Bidens cernua 100 32.90 35 1.81 50.1
 Carex spp. 0 0 75 7.85 3.2
 Cuscuta ? maculata 20 0.12 35 0.25 1.6
 Cyperus spp. 30 2.83 20 0.09 0.1
 Galium sp. 0 0 20 1.24 0
 Impatiens biflora 10 0.36 20 1.47 0.8
 Leersia oryzoides 70 0.53 20 1.74 0.1
 Mentha arvensis 0 0 15 0.01 0
 Polygonum lapathifolium 80 2.85 85 7.88 13.4
 Polygonum punctatum 30 0.48 0 0 0
 Rorippa islandica 40 0.03 25 0.03 0.7
 Rumex maritimus 20 2.41 25 0.09 3.5
 Scirpus acutus 20 0.07 5 PC 0
 Scirpus fluviatilis 10 P 70 34.31 3.1
 Scirpus validus 90 57.20 20 0.11 14.4
 Sparganium eurycarpum 30 0.08 65 3.83 1.7
 Typha glauca 10 0.01 95 38.16 6.6e
 Ulmus sp. 0 0 20 0.08 0
 Urtica dioica 10 0.06 30 0.46 0.1
 a Species found with a frequency of < 10%S are Acorus calamus, Calamagrostis canadensis, Carex comosa, Cicuta bul-
 bifera, Cirsium sp., Eleocharis palustris, Penthorum sedoides, Poa palustris, Polygonum natans, Potentilla simplex, Sag-
 ittaria latifolia, Salix sp., Scutellaria galericulata, Stachys palustris, and Zizania aquatica.
 b Northern area-free from emergent vegetation in 1973; Southern area-covered with emergent vegetation in 1973.
 P-relative cover of <.01%.
 d Camalina sativa in Clambey (1975). We believe this is a misidentification because we have found no trace of this species
 in 3 years of sampling Eagle Lake.
 e Includes 2.6% identified by Clambey (1975) as Typha angustifolia.
 were the dominants (Tables 2, 3): Bidens cernua, Po-
 lygonum lapathifolium, Rumex spp., and Scirpus val-
 idus.
 In the Typha zone, the total cover of species pro-
 duced as a result of the drawdown was about 60%
 lower than in the Open area. The dominant species in
 this zone, based on relative cover, were Bidens cernua
 (31%), Leersia oryzoides (26%), Rumex sp. (11%),
 Polygonum lapathifolium (9%Y), Cyperus spp. (7%),
 Rumex maritimus (5%), Sagittaria latifolia (4%), Er-
 agrostis hypnoides (2%), and Polygonum punctatum
 (1%). No seedlings of Scirpus validus or Typha glauca
 were recorded in the Typha zone (Table 3). Altogeth-
 er, 28 species were found in this zone, and 22 of these
 were found in the Eagle Lake drawdown seed-bank
 samples (Table 2). The dominants were again similar
 except for the absence of Typha glauca and Scirpus
 validus at Goose Lake (Tables 2, 3).
 Eagle Lake 1974 Vegetation Survey
 The results of the 1974 vegetation survey of Eagle
 Lake are given in Table 4. Also included in this table
 are the results of a survey primarily of the northern
 end of Eagle Lake done by Clambey (1975) in July
 1974. In the northern area, according to our survey,
 the dominant species on the basis of relative cover
 were Scirpus validus (57%), Bidens cernua (33%), Po-
 lygonum lapathifolium (3%), Cyperus spp. (3%), Ru-
 mex maritimus (2%), and Leersia oryzoides (1%). Al-
 together, 20 species were found in this area (Table 4),
 and 16 of these species were found in the drawdown-
 treatment seed-bank samples (Table 2). The dominants
 were generally the same in the northern area in 1974
 as in the 1976 seed-bank samples except for Typha
 glauca and Rorippa islandica, which seem to be found
 in higher quantities in the seed-bank samples than they
 were recorded in the field in 1974 (Tables 2, 4) at Eagle
 Lake and also at Goose Lake in 1976 (Table 3).
 According to Clambey (1975), the dominant species
 on the basis of relative cover in the northern end of
 Eagle Lake were Bidens cernua (30%), Scirpus validus
 (14%), Polygonum lapathifolium (13%), Typha spp.
 (7%), Rumex maritimus (4%), Carex sp. (3%), Scirpus
 fluviatilis (3%), and Sparganium eurycarpum (3%).
 Clambey's survey included some permanently vege-
 tated fringe areas in the northeastern corner of the
 marsh, and this accounted for the presence of Typha,
 Scirpus fluviatilis, Carex, and Sparganium among the
 dominants of the northern area. He recorded only 18
 species in Eagle Lake. Both Clambey's samples and
 our own indicate that, during the drawdown at Eagle
 Lake in 1974, the dominant species in the northern
 area were Scirpus validus, Bidens cernua, Polygonum
 lapathifolium, and Rumex maritimus. The seed-bank
 samples from this area in 1976 indicate that these same
 4 species were also the most abundant species (Table
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 TABLE 5. The vegetation of Eagle Lake in 1975 when normal water levels had returned. Only species having a frequency of
 5% or more in either the northern or southern area are includeda
 Northern areab Southern areab
 Species Frequency (%) Relative cover (%) Frequency (%) Relative cover (%)
 Acorus calamus 1.04 0.10 7.76 0.62
 Alisma subcordatum 2.33 0.12 5.54 0.67
 Bidens cernua 1.04 0.02 8.86 1.10
 Carex spp.c 0.78 0.05 36.57 17.17
 Ceratophyllum demersum 12.18 1.95 0.55 0.08
 Leersia oryzoides 14.51 1.56 13.85 3.96
 Lemna minor 52.07 4.10 20.78 11.20
 Mentha arvensis 0.52 0.09 13.57 1.77
 Naias flexilis 13.73 4.34 0.83 0.23
 Polygonum lapathifolium 2.07 0.14 8.59 1.23
 Polygonum natans 0 0 11.63 1.08
 Polygonum punctatum 1.81 0.89 15.79 3.72
 Potamogeton pectinatus 69.95 29.69 3.60 1.45
 Sagittaria latifolia 32.16 4.39 20.78 3.26
 Scirpus fluviatilis 3.63 0.48 29.09 4.80
 Scirpus validus 63.21 12.16 11.63 0.92
 Scutellaria galericulata 0.52 pd 23.55 3.74
 Sium suave 0.26 0.01 8.31 0.54
 Sparganium eurycarpum 36.01 6.12 45.15 12.80
 Spirodela polyrhiza 9.59 0.16 3.32 0.08
 Typha angustifolia 8.03 1.42 12.19 3.29
 Typha glauca 7.51 1.42 47.37 16.61
 Typha latifolia 0 0 7.48 0.98
 Algal matse 87.56 28.93 3.05 0.72
 a Species found during the 1975 survey with a frequency of at least 1% in either the southern or northern area are Cyperus
 spp., Eleocharis acicularis, Galium sp., Impatiens biflora, Iris versicolor, Lemna trisulca, Phalaris arundinacea, Riccia
 fluitans, Rorippa sp., Rumex maritimus, Rumex sp., Urtica dioica, and Utricularia vulgaris.
 b Northern area-area free from emergent vegetation in 1973; Southern area-area covered with emergent vegetation in 1973.
 c Carex rostrata and Carex atherodes primarily.
 d P-<.01% relative cover.
 e Floating mats of filamentous algae.
 2) in the seed bank in 1976. In fact, the Kendall's
 coefficient of rank correlation between the drawdown-
 treatment samples (Table 2) and the northern area
 (Table 4) using relative cover as a measure of the im-
 portance of a species is 0.61 which is significant at the
 .05 level. There is a very good correlation between the
 drawdown-treatment samples and what actually was
 found on exposed mud flats at Eagle Lake in 1974.
 In the southern area of Eagle Lake in 1974, the dom-
 inant species on the basis of relative cover were Typha
 glauca (38%), Scirpusfluviatilis (34%), Polygonum la-
 pathifolium (8%), Carex spp. (8%), Sparganium eu-
 rycarpum (4%), Bidens cernua (2%), and Leersia ory-
 zoides (2%) (Table 4). Mud-flat species (Bidens
 cernua, Polygonum lapathifolium, Cyperus spp., Ro-
 rippa islandica, Rumex maritimus) were all less com-
 mon in the southern than in the northern area (Table
 4). Scirpus validus was not present in any significant
 amount in the southern area in 1974; it had a relative
 cover of only 0.1% (Table 4). In the 1976 seed-bank
 samples from the southern end, however, it is one of
 the most abundant species (Table 2).
 The 1975 Eagle Lake Vegetation Survey
 Table 5 summarizes the results of the 1975 vegeta-
 tion survey of Eagle Lake. In 1975, water levels at
 Eagle Lake were at or near pre-drawdown levels. Al-
 together, 50 species were recorded during this survey.
 To reduce Table 5 to a more manageable size, only
 those species that were present in the 1975 survey with
 a frequency of at least 5% are included. In the northern
 end of the marsh in 1975, the dominant species on the
 basis of relative cover were Potamogeton pectinatus
 (30W), Scirpus validus (12%), Sparganium eurycar-
 pum (6%), Lemna minor (4%), Sagittaria latifolia
 (4%), Naias flexilis (4%), Ceratophyllum demersum
 (2%), and Leersia oryzoides (2%). All these species
 were present in the submersed seed-bank samples
 (Table 1) except Sparganium eurycarpum. None of
 the dominant submersed or free-floating species pres-
 ent in 1975 was recorded by Clambey or by ourselves
 in 1974 (Table 4). Other submersed and free-floating
 species found in 1975, but not in 1974, were Riccia
 fluitans, Spirodela polyrhiza, Utricularia vulgaris, and
 Lemna trisulca (Table 5). All these also were found in
 the 1976 submersed seed-bank samples (Table 1). The
 Kendall's coefficient of rank correlation between the
 submersed samples (Table 1) and the northern area in
 1975 using relative cover as a measure of the abun-
 dance of a species is only 0.15 which is not significant
 at .05. Submersed species were more abundant at Ea-
 gle Lake in 1975 than in the submersed treatment sam-
 ples, e.g., Potamogeton pectinatus had a relative cov-
 er of nearly 30W at Eagle Lake in the northern area
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 but had a relative abundance of only 0.11% in the sub-
 mersed samples.
 In the southern area, differences in the vegetation
 between 1974 and 1975 were less marked. On the basis
 of relative cover, the dominant species in 1975 were
 Typha spp. (21%), Carex spp. (17%), Sparganium eu-
 rycarpum (13%), Scirpusfluviatilis (5%), Leersia ory-
 zoides (4%), Polygonum punctatum (4%), Scutelleria
 galericulata (4%), Sagittaria latifolia (3%), and Men-
 tha arvensis (2%). In 1975 (Table 5), the mud-flat spe-
 cies (Polygonum punctatum, Scutellaria galericulata,
 Mentha arvensis) were more prominent than in 1974
 (Table 4) in the southern end. This probably reflects
 differences in sampling times more than real differ-
 ences in the composition of the vegetation between
 the 2 years. The sampling in 1974 was not done until
 November when most annual species had long since
 been killed.
 DISCUSSION
 The drawdown and submersed treatment samples
 had only -25% of their species in common (see Tables
 1, 2). Standing water (even as little as 2 cm) has a very
 significant impact on which seeds germinate in the
 marsh seed banks (see also Harris and Marshall 1963,
 Weller 1975). All the available evidence also suggests
 that not all the seeds present in the 24 samples col-
 lected germinated under either the submersed or draw-
 down treatment. For example, an examination of the
 seeds in samples from both Sparganium and Sc. flu-
 viatilis sites revealed that viable seed (based on ap-
 pearance when dissected) of both species is present in
 much larger numbers than are indicated in Tables 1
 and 2. Field observations at Eagle Lake confirm that
 viable seed of both species are present in areas dom-
 inated by these species and that these seeds will ger-
 minate in areas free of vegetation during a drawdown.
 Both species have seeds with very specific germina-
 tion requirements (see Muenscher 1944, Isely 1944)
 that we were evidently unable to simulate in the green-
 house under either the submersed or drawdown-treat-
 ment conditions. It is impossible to know by how
 much we are underestimating the size of the seed
 banks in the 6 vegetation types at Eagle Lake using
 the present seedling assay method. Future studies
 should try to determine the ratio of seeds that germi-
 nate under assay conditions and the total number of
 viable seeds in the sample. A viable seed for this pur-
 pose is defined as a seed that is respiring at a rate
 detectable using tetrazolium dye.
 To obtain an estimate of the total number of viable
 seed in the 6 vegetation types at Eagle Lake, we have
 combined our estimates from Tables 1 and 2. If a spe-
 cies occurred in both treatments, the larger estimate
 was used. Because the samples collected went to a
 depth of 4 to 5 cm, our combined estimates were mul-
 tiplied by 5 to give the number of seeds in the upper
 5 cm of soil. the data in Tables 1 and 2 estimate the
 number of seeds in a layer 1-cm thick and 1 m2 in area.
 Based on these calculations Sparganium site samples
 had the smallest seed bank with 21,445 seeds/m2 (29
 species), followed by Carex site samples with 22,700
 seeds/m2 (27 species), Sc. fluviatilis site samples with
 24,990 seeds/m2 (25 species), Open site samples with
 25,615 seeds/m2 (19 species), Sc. validus site samples
 with 41,150 seeds/m2 (21 species), and Typha site sam-
 ples with 42,615 seeds/m2 (23 species). Although the
 term "seed bank" is used to describe the number of
 propagules present in these marsh soils that germinate
 and produce seedlings under field or laboratory con-
 ditions, it should be noted that this term is technically
 incorrect. Many of the species that were found in the
 submersed treatment are not seed plants (Chara glob-
 ularis, Riccia fluitans) and many of the seed plants
 (particularly, members of the Lemnaceae) have asex-
 ual propagules (turions). However, we have decided
 to use the term "seed bank" because it has been used
 so many years in terrestrial studies and see no value
 in proposing a new term.
 In an earlier survey of the seed banks of 8 prairie
 marshes in Iowa (van der Valk and Davis 1976), the
 viable seed content of marsh soils was estimated to
 range from 145 to 1,879 seeds/m2, with an average val-
 ue of 442 seeds/M2, under drawdown-treatment con-
 ditions. Only 29 species were found. In the present
 study in the drawdown-treatment, 45 identifiable spe-
 cies were found in the Eagle Lake seed bank, and the
 average number of viable seeds was 19,930 seeds/M2
 in the upper 5 cm of the marsh substrate. There are
 2 major reasons for the discrepancies between these
 2 studies. First, Eagle Lake had a drawdown in 1974,
 which replenished the seed bank with large quantities
 of mud-flat seed in 1974 and large quantities of emer-
 gent seed in 1975 (particularly Scirpus validus seed in
 the northern area). Second, in the earlier study (van
 der Valk and Davis 1976), the seed-bank samples were
 kept under low levels of artificial illumination at a near
 constant temperature of 220 to 25?C, but in the present
 study the samples were kept in a greenhouse. Under
 greenhouse conditions, the samples were exposed to
 much higher temperatures (air temperatures reached
 40?C), much greater daily temperature fluctuations,
 and higher light intensities. We believe that this is re-
 sponsible for the higher number of seeds that germi-
 nated in the present study.
 Comparing our estimates of the amount of viable
 seed per square metre in marsh soils with results of
 studies done on terrestrial communities is not directly
 possible because of differences in methodology. How-
 ever, even if it is not possible to make absolute com-
 parisons between the numbers of seed in prairie
 marshes and terrestrial communities, we can examine
 general trends. Johnson (1975) has summarized the lit-
 erature on seed banks in forests. Forest seed-bank es-
 timates range from 0 to 3,318 seeds/M2. It seems that,
This content downloaded from 129.186.176.217 on Wed, 12 Sep 2018 18:49:38 UTC
All use subject to https://about.jstor.org/terms
 332 A. G. VAN DER VALK AND C. B. DAVIS Ecology, Vol. 59, No. 2
 on the average, prairie marsh seed banks are an order
 of magnitude larger than those of forests. Major and
 Pyott (1966) found 8,230 and 12,276 seeds/m2 in Cali-
 fornia bunch grass sites. Prairie marshes again appear
 to have larger seed banks. The size of the seed bank
 in natural vegetation, however, is often much smaller
 than those found in agricultural fields. For example,
 Roberts (1958) gives values ranging from 19,000 to
 175,000 seeds/m2 in agricultural soils and Jensen (1969)
 gives estimates from 600 to 496,200 seeds/m2 (see Ma-
 jor and Pyott 1966 for a discussion of natural and ag-
 ricultural seed banks). Studies by Jensen (1969) have
 also shown that seed banks in agricultural fields can
 vary dramatically in size and composition from field
 to field of the same crop. This is also the situation
 within vegetation types at Eagle Lake (Tables 1, 2).
 The floristic similarity between our greenhouse
 seed-bank samples (Tables 1 and 2) and our field sam-
 ples from Eagle Lake (Tables 4 and 5) and Goose Lake
 (Table 3) indicates that our greenhouse studies reflect
 what is actually found in the field during and imme-
 diately after a drawdown. The major discrepancy is
 again the failure of seeds of Sparganium eurycarpum
 and Scirpus fluviatilis to germinate under greenhouse
 conditions. It is known that percentage germination of
 Sparganium eurycarpum seeds increases dramatically
 with age of the seed for at least the first 5 years
 (Muenscher 1944). One possible reason that the seeds
 of Sparganium did not germinate in our greenhouse
 studies was that many of the seeds present were too
 young. Our seed-bank samples were surface samples
 and may mostly contain seeds <5 years old. Presum-
 ably Sparganium seeds deeper in the soil do germi-
 nate, and this accounts for the Sparganium germinat-
 ing in Eagle Lake in 1974. Isely (1944) studied the
 germination requirements of Scirpus fluviatilis. He
 found that only seeds stored in water at low temper-
 atures for more than a year and then exposed to high
 temperatures (30?-32?C) and high light intensities
 would germinate. The failure of Scirpus fluviatilis
 seeds to germinate under greenhouse conditions (Ta-
 ble 2) may have been caused by inadequate illumina-
 tion because the greenhouse glass was whitewashed.
 Whatever the reason for their failure to germinate un-
 der our 2 experimental treatment conditions, the data
 do indicate that seeds of Scirpus validus and Typha
 glauca germinate readily under simulated drawdown
 conditions whereas seeds of Sparganium eurycarpum
 and Scirpus fluviatilis do not. Their differential seed
 germination requirements may explain in part why
 Sparganium eurycarpum and Scirpus fluviatilis have
 never become abundant in the northern area of Eagle
 Lake (Tables 4, 5). In this area, emergent establish-
 ment occurs primarily on exposed mud flats which
 would evidently favor the establishment of Typha and
 Scirpus validus (Table 2).
 An examination of Tables 2, 4, and 5 shows that
 viable seed of Scirpus validus was present in large
 numbers in samples collected from the southern area
 of Eagle Lake (Table 2), and that this species was
 uncommon in this area (relative cover <1%) in both
 1974 and 1975 (Tables 4, 5). Evidently most of the
 seeds present in the seed bank of the southern area
 did not germinate during the 1974 drawdown or if they
 did germinate, the seedlings did not survive. That es-
 tablished vegetation inhibits the germination of Scir-
 pus validus seed (also Typha glauca seed) is also sug-
 gested by the data collected during the 1976 drawdown
 at Goose Lake (Table 3). No seedlings (either dead or
 alive) of Scirpus validus or Typha glauca were found
 in the Typha zone although both were found on adja-
 cent mud flats in the Open zone. The reasons for the
 apparent inhibition of seed germination of these 2 spe-
 cies within stands of emergent vegetation are un-
 known. We are presently studying this phenomena and
 its significance in prairie marshes.
 The results of the field and laboratory studies show
 that there are 3 types of species present in the seed
 bank of prairie marshes: submersed and free-floating
 species; emergents; and mud-flat species. Submersed
 and floating species have propagules that germinate
 under water (Tables 1, 5) and that can remain viable
 at least 1 year in the marsh substrate during a draw-
 down. Propagules of the submersed and free-floating
 species at Eagle Lake had to survive the 1974 draw-
 down on exposed mud flats since there was no water
 in the marsh. However, these species were found
 again in large quantities in 1975 when water levels re-
 turned to normal (see Tables 4, 5). Most of the species
 in this group probably reproduce both sexually and
 asexually in years of normal water levels. Emergent
 species are perennials whose seeds can germinate
 either on exposed mud flats or in very shallow water
 (Kadlec 1962, Linde 1969, Weller 1975). As a result,
 seeds germinate only during drawdowns (see also Ta-
 bles 1, 2, 3, and 4). Emergent species spread vegeta-
 tively in years when there is standing water in
 the marshes. The seeds of these species must remain
 viable for many years or even decades in the seed
 bank because natural drawdowns occur only every 5
 to 30 years (Weller and Spatcher 1965). Mud-flat spe-
 cies are annual plants that can complete their life
 cycles very quickly on mud flats temporarily exposed
 during drawdowns. These species are the prairie
 marsh equivalent of desert ephemerals (see Beatley
 1974). Mud-flat species are able to take advantage of
 brief periods when environmental conditions are suit-
 able for them. These species have seeds that remain
 viable at least as long as those of the emergents. The
 emergents can add new seed to the seed banks for
 many years after a drawdown. Mud-flat species cannot
 because they are eliminated as soon as standing water
 returns except along the edge of the marsh (Tables 4,
 5). When submersed treatment samples were flooded
 all the Bidens cernua and Polygonum lapathifolium
 seedlings died.
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 FIG. 2. Schematic presentation of the vegetation cycle and inputs and outputs of seed from the seed bank during this
 cycle in a prairie glacial marsh in Iowa based on the literature and the present study.
 Marsh Vegetation Dynamics
 It has been known since the work of Weller and
 Spatcher (1965) that the vegetation of prairie marshes
 changes cyclically. A complete cycle requires any-
 where from 5 to 30 or more years. In Fig. 2, we have
 outlined an idealized vegetation cycle in a prairie
 marsh including all inputs and outputs (i.e., germina-
 tion) of seeds from the seed bank. This figure com-
 bines all the available data from the literature (Weller
 and Spatcher 1965, Weller and Fredrickson 1973,
 Weller 1975, van der Valk and Davis 1976, 1978), the
 present study, and our own field observations. We
 believe that the phases of the cycle, as outlined in Fig.
 2, are natural divisions that reflect the fundamental
 changes in marsh production and nutrient cycling (van
 der Valk and Davis 1978) that occur when different
 types of species become dominants in the marsh. In
 the case of the emergent populations, whether they
 are increasing or decreasing in size also has a signifi-
 cant impact on prairie marsh ecosystems (particularly
 populations of shore and water birds (Weller and
 Spatcher 1965) and invertebrates (Voigts 1973)) and
 this has also been recognized in dividing the cycle into
 phases. The 4 phases in our cycle differ somewhat
 from the 5 stages previously suggested by Weller and
 Spatcher (1965). They divide the period when the
 marsh is dominated by emergents into 3 stages which
 differ in the ratio of emergent cover to open water.
 We consider these stages somewhat arbitrary and have
 divided this same period into only 2 phases, the re-
 generating and degenerating marsh.
 The 4 phases in the prairie marsh vegetation cycle
 are the dry marsh, regenerating marsh, degenerating
 marsh, and lake marsh (Fig. 2). To illustrate the
 changes that occur in species composition and abun-
 dance during the 4 phases of the cycle, Table 6 con-
 tains frequency data from Rush Lake in northwest
 Iowa from 1964 to 1970. During this period, Rush Lake
 passed through all 4 phases. The frequency data in
 Table 6 have been calculated from raw data in Weller
 and Fredrickson (1973) who sampled the vegetation at
 -6,900 points each year.
 The dry marsh phase (Fig. 2) develops during years
 of low water caused by below normal amounts of pre-
 cipitation when all or part of the marsh goes dry. On
 exposed mud flats (Tables 2, 3, 4, 6), seeds of both
 emergent and mud-flat species germinate. In the fall,
 seeds of the mud-flat species are added to the seed
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 TABLE 6. Drawdown and post-drawdown vegetation of Rush Lake from 1964 to 1970. The frequency data in this table were
 recalculated from data in Table 2 of Weller and Fredrickson (1973) and are based on =6,900 points sampled annually. Only
 species with a frequency of 5% or more in at least 1 yr are included
 Drya Regenerating Degenerating Lake
 marsh marsh marsh marsh
 Type of
 Species 1964 1965 1966 1967 1968 1969 1970 speciesb
 Anacharis sp. 6.74 0 0.04 0 0 0 0 S
 Bidens cernua 13.17 0.04 0 0 0 0 0 M
 Ceratophyllum demersum 2.63 6.43 24.19 6.52 19.70 18.95 1.86 S
 Cyperus spp. 7.81 0 0 0 0 0 0 M
 Lemna minor 2.66 41.42 66.77 71.07 56.75 40.92 18.08 F
 Polygonum spp. 7.63 0.06 0.09 0.03 0.03 0 0 M
 Potamogeton pectinatus 3.54 12.32 17.47 4.90 8.10 20.60 3.94 S
 Riccia fluitans 0 1.54 0 0 0 27.55 5.34 F
 Sagittaria ? latifolia 15.68 8.59 4.07 1.22 0 0 0 E
 Scirpus validus 22.95 12.00 4.47 0.25 0.03 0 0 E
 Spirodela polyrhiza 0.36 6.82 9.75 11.59 34.67 24.34 5.27 F
 Typha glauca 17.06 24.64 36.07 34.11 27.91 6.01 1.00 E
 Utricularia ? vulgaris 0 10.59 12.50 13.80 7.79 6.10 3.09 S
 Algal mats 5.94 27.96 0 0 0 0 0
 VEGETATION TYPE
 Mud flat 33.12 0.23 0.56 0.07 0.30 0 0
 Emergent 57.43 46.19 45.27 34.04 27.94 6.01 1.00
 Submersed 15.32 30.56 54.63 25.53 33.80 41.17 8.86
 Floating 3.25 42.60 66.77 76.07 56.75 42.90 18.31
 Algal mats 5.94 27.96 0 0 0 0 0
 a Rush Lake did not go completely dry during the drawdown.
 b S-submersed species; F-free-floating species; E-emergent species; and M-mud-flat species.
 bank. Field observations indicate that emergent spe-
 cies do not flower in their 1st year.
 When the drought is over, standing water returns.
 This eliminates the mud-flat species, stops the germi-
 nation of emergent seeds (see Weller 1975), and trig-
 gers the germination of seeds of submersed and free-
 floating plants (Tables 1, 5, 6). The result is a regen-
 erating marsh (Fig. 2) covered by emergent species,
 with submersed species mixed in among the emer-
 gents. Eagle Lake was an example of a regenerating
 marsh in 1975 (Table 5). Emergent vegetation in gen-
 eral increases in abundance and hence primary pro-
 duction during the 1st few years after a drawdown
 because of the vegetative reproduction of the emer-
 gent species (van der Valk and Davis 1978). During
 this phase, enormous quantities of emergent seed are
 added to the marsh seed bank. During the regenerating
 marsh phase at Rush Lake (1965-1966), Typha glauca
 increased in frequency from 24.64% to 36.07%, al-
 though emergents as a whole declined somewhat from
 46.19 to 45.27 during the same 2 years (Table 6). The
 slight overall decrease was a result of the rapid decline
 in Sagittaria latifolia and Scirpus validus populations.
 This decline of Sagittaria and Scirpus validus as at
 Rush Lake does not always occur. Our own experi-
 ence is that these species, particularly Scirpus validus,
 increase in abundance during the regenerating stage,
 if water levels are low.
 The degenerating phase (Fig. 2) is characterized by
 a rapid decline in overall emergent cover. This decline
 is caused by a variety of physical and biological agents
 and their interactions. Scirpus validus and Sagittaria
 latifolia populations, as at Rush Lake (Table 6), are
 usually the 1st to disappear. By 1968, Sagittaria was
 no longer present and by 1969, Scirpus validus was
 gone. During this phase, the emergent cover of Rush
 lake dropped from 34% to 6%. The inability of Scirpus
 validus and Sagittaria latifolia to tolerate high water
 levels has been suggested by Weller and Spatcher
 (1965) as the reason for their decline. In the case of
 Scirpus validus, this may indeed by the case. This
 species has rhizomes that cannot tolerate anaerobic
 conditions for >1 week (Laing 1941). Field observa-
 tions at Eagle Lake show that soils within Scirpus val-
 idus stands in deep water are anaerobic. Observations
 at Eagle Lake also indicate that many of the Scirpus
 validus culms are infested with larvae of a dipteran
 stem borer (see also Hayden 1947). This insect may
 also be a factor in the decline of Scirpus validus pop-
 ulations. The decline of Sagittaria populations has no
 known cause and needs study. Disease, insects, high
 water, and senesence have all been suggested as the
 cause. Muskrat feeding also contributes to the decline
 of the emergent populations, particularly the Typha
 population, during the degenerating phase. During the
 regenerating and degenerating phases, submersed and
 free-floating plants are very abundant and are contin-
 ually adding seeds to the marsh seed bank (Table 6,
 Fig. 2).
 The final phase of the vegetation cycle is the lake
 marsh (Fig. 2). During this phase the marsh loses what
 is left of the emergent populations (typically mostly
This content downloaded from 129.186.176.217 on Wed, 12 Sep 2018 18:49:38 UTC
All use subject to https://about.jstor.org/terms
 Early Spring 1978 SEED BANKS AND VEGETATION DYNAMICS 335
 Typha) and becomes dominated by submersed and
 floating aquatics. Muskrats whose population size has
 been increasing since the regenerating stage now are
 so abundant that their feeding and lodge building ac-
 tivities destroy the remaining emergents. Errington et
 al. (1963), Weller and Spatcher (1965). and Van Dyke
 (1972) have all documented the destruction of emer-
 gents by muskrat "eatouts." In general appearance,
 the marsh resembles a shallow lake or pond usually
 with a thin fringe of emergents around the edge. At
 Rush Lake emergents were reduced to 1% frequency
 during the lake marsh phase (Table 6). Submersed
 plants may or may not be very abundant in this phase.
 Sometimes, submersed plants are adversely affected
 by the disappearance of the emergents because of in-
 creased turbidity caused by algal blooms or the stirring
 up of marsh sediments by wind and waves. At Rush
 Lake, the frequency of submersed plants decreased
 from 41.17% in 1969 to 8.86% in 1970, and floating
 plants decreased from 42.90%o to 18.31% during the
 same time period (Table 6). A marsh will remain in
 the lake phase until the next drought reduces water
 levels and exposes the marsh bottom, starting a new
 cycle (Fig. 2) by allowing the germination of seeds of
 emergent and mudflat species.
 Seed banks, then, are the key to understanding the
 vegetation dynamics and long-term survival of prairie
 marshes. It is the presence of viable seed of emergent
 and submersed species in the marsh substrate that en-
 ables the prairie marsh to regenerate, phoenixlike,
 after high water, insects, and muskrats have destroyed
 its emergent cover.
 ACKNOWLEDGMENTS
 We thank the Iowa Conservation Commission for permis-
 sion to work at Eagle Lake; and the owners for permission
 to work at Goose Lake. Paul Currier assisted in the collection
 of the seed-bank samples and carried out the 1975 vegetation
 sampling at Eagle Lake. We also thank Mr. Lawrence Ewers
 for the use of his cabin at Eagle Lake.
 LITERATURE CITED
 Beatley, J. C. 1974. Phenological events and their environ-
 mental triggers in Mojave desert ecosystems. Ecology
 55:856-863.
 Clambey, G. K. 1975. A survey of wetland vegetation in
 north-central Iowa. Ph.D. thesis. Iowa State University,
 Ames, Iowa, USA.
 Currier, P. J., C. B. Davis, and A. G. van der Valk. 1976,
 in press. Vegetative analysis of a wetland community at
 Eagle Lake marsh, Hancock County, Iowa. Proceedings
 of the 5th Midwest Prairie Conference, Ames, Iowa, USA.
 Dalziel, D. 1976. Eagle Lake before and after. Iowa Con-
 servatory 35(6): 10-1 1.
 Errington, P. L., R. J. Siglin, and R. C. Clark. 1963. The
 decline of a muskrat population. Journal of Wildlife Man-
 agement 27:1-8.
 Gleason, H. A., and A. Cronquist. 1963. Manual of the vas-
 cular plants of the Northeastern United States and adjacent
 Canada. Van Nostrand, New York, New York, USA.
 Harris, S. W., and W. H. Marshall. 1963. Ecology of water-
 level manipulations on a northern marsh. Ecology 44:331-
 343.
 Hayden, A. 1947. Notes on destructive factors operating
 among the emergent plants of the Ruthven area in the sum-
 mer of 1947. Quarterly Report of the Iowa Cooperative
 Wildlife Research Unit, July-August 1947:4-15.
 Isely, D. 1944. A study of conditions that affect the germi-
 nation of Scirpus seeds. Cornell University Agricultural
 Experimental Station Memoir 257.
 Jensen, H. A. 1969. Content of buried seed in arable soil in
 Denmark and its relation to the weed population. Dansk
 Botanisk Arkiv 27:1-55.
 Johnson, E. A. 1975. Buried seed populations in the sub-
 arctic forest east of Great Slave Lake, Northwest Terri-
 tories. Canadian Journal of Botany 53:2933-2941.
 Kadlec, J. A. 1962. Effects of a drawdown on a waterfowl
 impoundment. Ecology 43:267-281.
 Laing, H. E. 1941. Effect of concentration of oxygen and
 pressure of water upon growth of rhizomes of semi-sub-
 merged water plants. Botanical Gazette 102:712-724.
 Linde, A. F. 1969. Techniques for wetland management.
 Wisconsin Department of Natural Resources Research Re-
 port 45.
 Major. J., and W. T. Pyott. 1966. Buried, viable seeds in
 two California bunchgrass sites and their bearing on the
 definition of a flora. Vegetatio 13:253-282.
 Muenscher, W. C. 1944. Aquatic plants of the United States.
 Ithaca; Comstock Publishing Company, Ithaca, New York,
 New York, USA.
 Pammel, L. H. 1898. Old lake vegetation in Hamilton Coun-
 ty, Iowa. Plant World 2:42-45.
 Roberts, H. A. 1958. Studies on the seeds of vegetable
 crops. I. Initial effects of cropping on the weed seeds in
 the soil. Journal of Ecology 46:759-768.
 Salisbury, E. 1970. The pioneer vegetation of exposed muds
 and its biological features. Philosophical Transactions of
 the Royal Society of London Series B 259:207-255.
 Shaw, R. H., and P. J. Waite. 1964. The climate of Iowa.
 III. Monthly, crop season and annual temperatures and
 precipitation normals for Iowa. Iowa Agriculture and Home
 Economics Experiment Station. Special Report 38.
 van der Valk, A. G., and L. C. Bliss. 1971. Hydrarch
 succession and net primary production of oxbow lakes in
 central Alberta. Canadian Journal of Botany 49:1177-1199.
 van der Valk, A. G., and C. B. Davis. 1976. The seed banks
 of prairie glacial marshes. Canadian Journal of Botany
 54:1832-1838.
 1978. Primary production of prairie glacial
 marshes. In R. Good, R. Simpson, and D. Whigham, edi-
 tors. Freshwater WetJands, Academic Press. New York,
 New York, USA.
 Van Dyke. G. D. 1972. Aspects relating to emergent vege-
 tation dynamics in a deep marsh, northcentral Iowa. Ph.D.
 thesis. Iowa State University, Ames, Iowa, USA.
 Voigts, D. K. 1973. Aquatic invertebrate abundance in re-
 lation to changing marsh conditions. Master's thesis. Iowa
 State University, Ames, Iowa, USA.
 Weller, M. W. 1975. Studies of cattail in relation in man-
 agement for marsh wildlife. Iowa State Journal of Research
 49:383-412.
 , and L. H. Fredrickson. 1973. Avian ecology of a
 managed glacial marsh. Living Bird 12:269-291.
 Weller, M. W., and C. S. Spatcher. 1965. RoJe of habitat in
 the distribution and abundance of marsh birds. Iowa Ag-
 riculture and Home Economics Experiment Station, special
 Report 43. Ames, Iowa. USA.
This content downloaded from 129.186.176.217 on Wed, 12 Sep 2018 18:49:38 UTC
All use subject to https://about.jstor.org/terms
